Aim To investigate antibiotic consumption in a sample of physicians from Osijek-Baranja county in Eastern Croatia and to determine the volume of prescribed antimicrobials and assess the appropriateness of prescribing practices.
The importance of analyzing prescribing practices goes beyond the mere necessity of statistical systematization or financial savings. The ultimate goal should be an effort to reduce overconsumption and consequently diminish the development of antimicrobial resistance. Antibiotic overconsumption is the single most important factor directly correlated with the initiation and spread of resistance (1) (2) (3) . The link between antibiotic use and bacterial resistance has been demonstrated at the level of individuals (emergence of resistance after a course of antimicrobial therapy) and of populations (rise of resistance with large volumes of antimicrobial consumption) (4, 5) .
In most countries, antibiotics are prescribed exclusively by general practitioners (family physicians). The quantitative and qualitative aspect of their prescribing practice is, therefore, one of the most significant points of reference of health consumption in general. The European Surveillance of Antimicrobial Consumption (ESAC) is a European project on the use of antibiotics, coordinated by the University of Antwerp, Belgium, with 34 participating countries including all 27 members of the EU (6, 7) . According to ESAC antimicrobial consumption data, Croatia ranks among countries with a large total volume of outpatient consumption in 2005, with 23.40 defined daily doses per 1000 inhabitants per day (DID) (6) . The prevalence of low/intermediate resistant S. pneumoniae in 2007 was 27%, while that of the high-resistant type was 3%. Macrolide-resistance of S. pneumoniae did not exceed 30% in 2005 and 2006, while in 2007 it increased to 34% (8) . At the end of 2007, the Croatian Interdisciplinary Group for Monitoring of Antimicrobial Consumption and Resistance (ISKRA) published national guidelines for antimicrobial therapy of sore throat, urinary tract infections, methicillin-resistant S. aureus infections, and surgical prophylaxis, as part of a concerted action toward prevention of the development of resistance (9) . As there are no previous data on antimicrobial use in the region, in this study we attempted not only to assess the quantity of consumption (expressed as DID rates) and compare it with the data from other sources, but to measure the consumption of individual drugs in relation to diagnoses, as well as the consumption in individual general practitioners (GP) offices. In addition, we examined whether urban GPs, because of their easier access to microbiological laboratories, prescribed less than rural GPs. Finally, we aimed to assess the appropriateness of prescribing practices by physicians in eastern Croatia.
Methods
Indication-based antibiotic prescribing was investigated on a random sample of 30 general practitioners in OsijekBaranja county (eastern Croatia). Primary care pediatricians, gynecologists, and dentists, all of whom also prescribe antimicrobials, were excluded from the study.
According to the 2001 census, the county had 330 506 inhabitants. Thirty primary care teams were selected arbitrarily from the 169 registered in the database of the Croatian Institute for Health Insurance (CIHI), which manages the national health care system. Approximately 48 000 people, or 15% of the population in the County, are registered with CIHI. The study group was divided into two subgroups: 15 GPs with urban practices based in the city of Osijek (with 114 000 inhabitants according to the 2001 census) and 15 with practices in the neighboring communities, which are referred to in this study as "rural, " irrespective of their location in a village or a small city. Individual GPs were identified with anonymous descriptors (D1, D2, D3...).
Data on both antibiotic consumption and indicationbased prescribing were extracted from the CIHI database, which collects monthly reports from all retail pharmacies in the national health system. Pharmacies send electronically recorded information on dispensed drugs to the central CIHI office on a monthly basis. There, the data are not processed statistically or otherwise, but only stored in the form of large Excel tables. Because monthly reports contain raw data pooled from many thousands of prescription forms, it was possible to extract different types of data using Microsoft Access tools (queries), such as antibiotic name, dose, number of tablets/capsules per package, number of packages prescribed (but not in terms of defined daily dose [DDD]), diagnoses (expressed as ICD-10 codes) (10) , and age and sex of patients. DDD per 1000 inhabitants per day (referred to as "DID") and DDD per 1000 inhabitants per year were computed (11) from the number of packages in the case of most antibiotic oral formulations for systemic use (tablets, suspensions), with the exception of drugs that have no standardized DIDs, such as eye drops, ointments, and dermatologic formulations. Another exception was parenteral antibiotics, which are not dispensed through prescriptions. A total of 21 systemic antimicrobials were selected for measurement of utilization (Table 1 ). The period of data collection was 3 years, from January 1, 2003 through December 31, 2005.
Consumption rates from the county were compared with those from Croatia as a whole and those from several European countries that are members of the ESAC project. Of 25 members of the ESAC I project (2001) (2002) (2003) (2004) , 8 were selected for comparisons: Slovenia and Hun-gary as the neighboring countries; Italy and France as the countries with high consumption volume; the UK and the Netherlands as the countries with low consumption volume; and Czech Republic and Austria as the countries with an intermediate volume of prescribed antibiotics. The DID rates for the abovementioned EU states and Croatia were extracted from the ESAC results (6), while for the Osijek-Baranja county they were independently calculated from the CIHI data, using the number of inhabitants from the sample (48,000) as a denominator. As the total consumption volume remained balanced (with variations of just 2%-4% over the 3 years), the annual average (total consumption in DDDs divided by 3) was used for calculating the DID rates.
A two-sample, independent group t-test (provided by OpenOffice Calc) was chosen to test the differences between the two groups, both regarding the frequency of diagnoses and total volume of prescribed antibiotics. Calculations with this test were carried out using OpenOffice Calc (OpenOffice 2.0, www.openoffice.org). For an in-depth analysis of indication-based prescribing and comparisons between individual physicians, total DDDs for all 3 years were used. The DID rate, although convenient for investigating the use of large quantities of drugs, on a state level or higher, gave very low and impractical numbers for comparisons between individual prescribers. For example, for acute sinusitis, physician "1" prescribed 0.002 DID compared with 131 total DDD, physician "2" prescribed 0.017 DID (per day) and 938 DDD, and physician "3" prescribed 0.002 DID (per day) compared with 135 DDD.
Results
The er range (4.00 and 4.84 DID), together with Italy, France, and the UK (6.54, 7.92, and 4.47 DID, respectively), whereas in other countries it did not exceed 3.30 DID. The consumption of co-amoxiclav was 3.70 DID in Osijek-Baranja county and 5.86 DID in Croatia, compared with mere 0.89 DID in the UK or 1.39 in the Netherlands. In contrast with the UK, where the use of co-amoxiclav was lowest in Europe, the consumption in Osijek-Baranja county was 4.15 times greater, and in Croatia 6.6 times. Thus, like Croatia as a whole, Osijek-Baranja county was a "leading consumer" of combined penicillins in Europe (5.86 DID), even after taking into consideration its pre-school children population. This level of consumption was greater than that in Italy and France (5.78 and 5.46 DID).
Consumption rates for cephalosporins in Osijek-Baranja county and in Croatia were, again, in the higher category (2.87 and 3.89 DIDs), comparable with other "big spenders, " such as Italy (3.37 DIDs) and France (3.34). The lowest rates were in the Netherlands (just 0.06 DID), Slovenia (0.71), and the UK (0.76 DID) ( Table 2 ).
The leading macrolide-class drug was clarithromycin in most of the EU countries, but it was prescribed on a smaller scale in Croatia (0.26 DID) and Osijek-Baranja county (0.18 DID). The most frequently used was azithromycin in both Croatia (1.50 DID) and Osijek-Baranja county (1.04). These are the highest rates among ESAC members.
Tetracyclines in Osijek-Baranja county were prescribed at 0.67 DID; this refers exclusively to doxycycline, since this was the only tetracycline the consumption of which was measured in the county. Such a low utilization is surprising, notably in comparison with Croatia as a whole (1.89 DID).
In contrast, sulfonamides were prescribed at 1. Around 75 200 prescription forms were analyzed in 3 years. A total of 47 370 prescriptions (63%) were issued for respiratory infections: 39 850 (53%) for infections of the upper respiratory tract and 7280 (9.69%) for infections of the lower respiratory tract (Table 3) . The most frequent diagnoses were acute tonsillitis (ICD-10 code J03) with 14 680 prescriptions (19.52%); acute cystitis (N30) with 13 030 (17.33%); and acute pharyngitis (J02) with 12 560 (16.70%). There were no significant differences between the rural and urban group in regard to diagnoses registered on prescription forms: 22.09 vs 31.24% for upper respiratory tract infections (t = 0.56, P = 0.05), 4.06 vs 5.62% for lower respiratory tract infections (t = 0.78, P = 0.05), 10.84 vs 10.21% for urinary tract infections (t = 0.96,PP = 0.05), and 7.63 vs 7.88% for skin, soft tissue, and other infections (t = 0.96, P = 0.05). Eye infections, recorded as "acute conjunctivitis" (ICD-10 code H10) were present in 6390 (8.5%) of prescription forms; skin and soft tissue infections (pyodermias, skin abscesses and subcutaneous infections, and wounds and combustions) in 3580 (4.76%); acute enteral infections in 1180 (1.57%); other bacterial infections in 300 (0.40%), and undetermined conditions (fever of unknown origin) in 250 (0.33%) prescription forms.
The 10 most frequently prescribed antibiotics (in DIDs) were: amoxicillin -4.00 DID (22.61% of total volume), coamoxiclav -3.69 (20.87%), co-trimoxazole -1.72 (9.64%), cephalexin -1.46 (8.27%), norfloxacin -1.27 (7.13%), penicillin V -1.24 (7.00%), azithromycin -1.04 (5.88%), cefuroxime -1.01 (5.73%), doxycycline 0.67 (3.78%), and nitrofurantoin -0.48 (2.74%). Their total consumption was 16.58 DID (93.51% of all observed drugs). Of all of these, only ceftibuten was used at a somewhat greater volume (0.40 DID), while all others were prescribed on a much smaller scale. Table 4 summarizes the utilization for upper respiratory tract infections, presented as total DDDs over all 3 years. Some drugs (co-trimoxazole, ceftibuten) were excluded from the analysis because their primary indication was different from respiratory infections, but their volume in upper respiratory syndromes nevertheless remained considerable (co-trimoxazole 14 064 DDD, ceftibuten 6548 DDD).
For acute pharyngitis and tonsillitis, the most frequently prescribed antibiotic was amoxicillin, with 76 762 DDD (36.51% of its overall consumption) for acute pharyngitis and 55 880 DDDs (26.58%) for acute tonsillitis. For both di- *ICd-10 codes (10): J02-J03 -acute pharyngitis and acute tonsillitis, J01 -acute sinusitis, J04 -acute laryngitis, J05-J06 -unspecified upper respiratory infection, h65-h66 -acute and chronic otitis media, J00 -common cold, J20 -acute bronchitis, J15-J18 -pneumonia, J11 -influenza, J41-J42 -chronic bronchitis, N30 -acute cystitis, N10 -acute pyelonephritis, N40-N44 -acute and chronic prostatitis, l01-l04 -skin and soft tissue infections, s00-s99 -wounds, t00-t99 -combustions, other: infectious diarrheas, infections affecting gastrointestinal system (cholecystitis, Helicobacter pylory erradication therapy etc.), accelerated erythrocyte sedimentation rate, fever of unknown origin. acute and chronic conjunctivitis comprised 8.47% of all recorded diagnoses (in the "other" column). agnoses, it was 132 642 DDD or 63.09% of its overall use, compared with just 62 200 DDD of penicillin V. If we add to amoxicillin other frequently prescribed antibiotics for sore throat (co-amoxiclav, cefalexin, cefuroxime, and azithromycin), the use of broad-spectrum drugs -β-lactams and macrolides (269 670 DDD) -exceeds that of penicillin V (62200 DDD) by 4.5 times (Table 4) .
A wide range of drugs was used for the treatment of middle ear infections, with co-amoxiclav in the first place (49.84% of drugs for that indication), followed by cefuroxime (20.16%), amoxicillin (13.70%), azithromycin (8.00%), cephalexin (5.20%), and penicillin V (2.18%) ( Table 4) . Prescribing for acute sinusitis exceeded that for acute otitis media (50 320 DDD vs 31 937 DDD), with co-amoxiclav, again, as the most frequently used drug. The utilization for acute laryngitis (30 728 DDD) was very close to that for acute otitis media (31 937 DDD).
Acute bronchitis was a frequent indication for antibiotic use (75.80% of all diagnoses in this group) ( Table 5 ). The most frequently used were co-amoxiclav (25 830 DDD or 13.30% of its total consumption), cefuroxime, amoxicillin, cephalexin, azithromycin, and doxycycline -all of them used between 7000 and 11 000 DDD. For pneumonia, a total of 16 808 DDD of antibiotics was prescribed (16.36%) ( Table 5) . As in the case of acute bronchitis, co-amoxiclav was the most represented antibiotic, with 7447 DDDs, together with azithromycin and cefuroxime-axetil.
Among urinary tract infections, the most frequent diagnosis was acute cystitis, with norfloxacin as the most frequently prescribed antibiotic (66 343 DDD), followed by co-trimoxazole (42 796 DDD) and nitrofurantoin (25 491 DDD). The remaining were β-lactams, tetracyclines, and even macrolides. The most frequently prescribed drugs for acute pyelonephritis were cefuroxime-axetil and co-amoxiclav, but their utilization rate was very low (2120 and 1381 DDDs).
For skin and soft tissue infections, wounds, combustions, and all other indications, the consumption rate was 45 052 DDD. As in the case of other diagnoses (eg, otitis media and pneumonia), a wide range of antibiotics was used -12 in total, but most commonly, again, co-amoxiclav (20 085 DDDs or almost a half of a total consumption for this group of diagnoses), followed by amoxicillin (7720 DDD) and cephalexin (6918 DDD). "Other infections" included various diagnoses recorded on prescription forms, such as accelerated erythrocyte sedimentation rate, dry cough (ICD code R05), fever of unknown origin, and acute cholecystitis.
The majority of physicians (21 of 30, 70%) prescribed similar volumes of antibiotics across all categories, but important differences among individual prescribers emerged after detailed surveying of individual rates. Cefuroxime prescribing was the most inconsistent, with the highest utilization rate 38.5 times greater than the lowest, followed by norfloxacine (35.3 times), ceftibuten (29 times), and doxycycline (25 times). The use of co-trimoxazole was least heterogeneous (difference of 4.5 times).
dIsCussIoN
This study is the first survey of prescribing practice in Osijek-Baranja county in Eastern Croatia. The pattern of prescribing was characterized by antibiotic overconsumption, together with a significant divergence from generally used guidelines regarding the choice of drugs. GPs prescribed mostly aminopenicillins, combined peni- cillins, combined sulphonamides, and long-acting macrolides (azithromycin), while the use of doxycycline was among the lowest in Europe.
A high rate of antibiotic use (17.73 DID) places Osijek-Baranja county among the regions with greater overall consumption, especially given the low presence of pre-school children in the studied sample (567 out of 48 000), who are the most common users of antibiotics (12) (13) (14) (15) (16) (17) . Thus, the actual consumption in the County was probably higher than in Croatia as a whole (23.50 DID), putting it among the highest rates in Europe. Surprisingly, there were no differences in the total consumption between urban and rural physicians. This suggests that, although urban physicians have easier access to microbiological laboratories and supporting tests to confirm diagnoses, both groups of physicians showed similar prescribing behavior. Distinctions emerged as the highest and the lowest consumption rates for individual antibiotics and for individual prescribers, which indicates a great degree of discord regarding the place and role of individual drugs in the treatment of infective syndromes in the primary care setting. Such heterogeneity in the choice of antimicrobials arises apparently from physicians' noncompliance with international and domestic guidelines (18-21), the main purpose of which is precisely the opposite -homogenization of prescribing practice, aimed at impeding the development of antimicrobial resistance. There are probably many reasons for this, including insufficient education, pharmaceutical promotion, and lack of monitoring. Prescribing practices are affected, apart from education, by many factors: attitudes and prescribing habits of primary care practitioners; recommendations of consultants such as pediatricians, otorhinolaryngologists, and infectologists, who cannot themselves issue prescriptions; and pressure from patients and parents. Another likely reason for the observed variations among prescribers is the number of patients they see, as well as the age and morbidity patterns of the patients.
Physicians in Hungary, Czech Republic, Austria, and Slovenia prescribed much greater proportions of narrow-spectrum penicillins. This is an example that should be followed, because of their theoretically lower potential for resistance and lower cost. Co-amoxiclav was prescribed at 3.69 DID in Osijek-Baranja county (5.86 DID in Croatia), while in the UK it was only 0.89 DID -the lowest rate in Europe, not reported in any other ESAC member, including the Netherlands (1.39 DID). Co-amoxiclav not only has no indication as the first choice drug in any uncomplicated respiratory tract infection, but is much more expensive as well. According to Bisno et al (22) , group A β-hemolytic streptococcus is the most frequent causative pathogen of acute bacterial pharyngitis, and is still universally susceptible to penicillin V. Penicillin V is, therefore, reliable enough to remain as the first option even in an era of antimicrobial resistance. Domestic guidelines also recommend this drug as a first choice (9) . Practitioners in this survey prescribed for acute sore throat (ICD code J02 + J03) 328 770 DDD in total, with only 62 200 DDD (18.90%) of penicillin V, which is inappropriate according to international guidelines. Amoxicillin remains the first choice for most uncomplicated cases of acute otitis media and sinusitis, according to the guidelines of the American Academy of Pediatrics, being efficacious, inexpensive, and safe (23,24). In OsijekBaranja county, co-amoxiclav was in the first place for both indications (15 920 DDD in acute otitis media, 16 133 DDD in acute sinusitis), while amoxicillin was the third in acute otitis media (behind co-amoxiclav and cefuroxime) and the second in acute sinusitis (behind co-amoxiclav). The global prevalence of ampicillin-resistant H. influenzae was about 20%, and in Croatia between 9 and 30% (2006) (25) , which means that amoxicillin is trustworthy as initial drug in these indications, with co-amoxiclav only as an alternative in cases of treatment failure after amoxicillin or penicillin V.
Cephalexin was prescribed mostly in acute pharyngitis/ tonsillitis (27 603 DDD or 35.88% of its total consumption), which is probably justified, because of its good activity against S. pyogenes in penicillin-allergic patients (26) (27) (28) . In other respiratory tract infections (eg, acute sinusitis, otitis media, laryngitis), the consumption volume was 16 484 DDD (21.42% of the total quantity), which is inappropriate due to the unsatisfactory activity against other respiratory pathogens (29).
Cefuroxime (24 030 DDD in upper respiratory infections) was prescribed mainly in acute pharyngitis and tonsillitis (10 640 DDDs or 19.95% of its total use). Ceftibuten was represented in upper respiratory infections with 6548 DDD (31.38% of the total use), mostly for acute pharyngitis and tonsillitis (2457 DDDs), acute sinusitis, otitis media, and laryngitis. Such a high utilization of second and third generation cephalosporins is questionable, because of their higher potential for the development of resistance, and greater price (30) . Interestingly, there was a relatively high-level use of co-trimoxazole for acute pharyngitis and tonsillitis (11 064 DDD or 12.33% of the total utilization), comparable to even cefuroxime (10 640 DDD) or azithromycin (21 945 DDD). Co-trimoxazole is not an option for that indication in any clinical scenario because of its lack of activity against S. pyogenes.
Azithromycin was prescribed in acute sore throat at 21 945 DDD (40.09% of the total use). There is no scientific background for such a high consumption, due to the equally efficacious and inexpensive drugs as erythromycin and cefalexin. It is also presumed to have high potential for inducing antimicrobial resistance (31).
The prescribing pattern for lower respiratory tract infections was characterized by utilization of β-lactams, compared with macrolides (75 175 DDD vs 14 764 DDD), and marginal representation of tetracyclines (doxycycline: 9936 DDD or 28.21%), which is not in accordance with microbiological etiology and recommendations from international guidelines (19, 32, 33) . The low-level use of amoxicillin for pneumonia is surprising (209 DDDs), as is the use of cephalexin for this indication (457 DDD). While the first has a significant place in international guidelines for use in community-acquired pneumonia without concomitant morbidity, the second one has no therapeutic role (14) . Cefalexin, in the fourth place with 10 881 DDDs or 14.14% of total use, has little, if any, role in the treatment of lower respiratory tract infections.
The consumption rates in urinary tract infections varied between 6760 DDD (81.80%) for ciprofloxacin and 18 958 DDD for co-amoxiclav (9.76%). In the study of Huovinen et al (34) , 65% of urinary tract infections in Finland was treated with trimethoprime (production in Croatia ceased in 1999), pivmecillinam (not registered in Croatia), and nitrofurantoin, all of them recommended as first line drugs. In Finland, practitioners used cheaper but still efficient drugs, while in Croatia the most represented was norfloxacin, which is not only much more expensive than co-trimoxazole and nitrofurantoin, but also carries greater potential for the development of antimicrobial resistance. Azithromycin, a macrolide, was utilized at 2849 DDDs (5.20%), despite the fact that macrolide antibiotics have no activity against Gram-negative microorganisms. Its main indication was chronic prostatitis.
A combination of amoxicillin with clavulanic acid was unjustifiably overused, both in Osijek-Baranja county and in Croatia as a whole, even compared with the "big spenders" France and Italy.
Consumption of azithromycin in the Osijek-Baranja county and Croatia as a whole was highest in Europe. The utilization of doxycycline in Osijek-Baranja county was much lower than in Croatia (0.68 DID vs 1.89 DID), belonging to the lowest rates in Europe. Sulfonamides in Osijek-Baranja county exceeded the rate not only of Croatia (1.72 DID vs 1.71 DID, but of all other countries as well, resulting in, again, the highest consumption in Europe. Overall antibiotic use in the Osijek-Baranja county was in the same range as in both Croatia as a whole and countries with higher consumption volume (Italy, France). The results of this study clearly show a necessity for a coordinated intervention -through continuous education of practitioners, audit of prescribing practice, or other measures, in order to correct inappropriate and oversized utilization, and place it in a framework of guidelines and scientifically based standards. Higher prevalences of resistant microorganisms reflect high consumption rates of certain antimicrobials with a significant potential for development of resistance (azithromycin, cefalosporins, combined penicillins).
The study has two important limitations. First, there were only 567 children aged 0-7 years in a population segment of 48 000 inhabitants of the county, because majority of children were under care of pediatric teams (not included in the investigation). This had a considerable influence on the comparisons of overall consumption rates between OsijekBaranja county (17.73 DID), Croatia (23.50 DID), and European countries, in which the total population (all age groups) was included as a denominator in calculating DIDs. Such a small number of children contributed also to a relatively small proportion of respiratory infections (63%) in our sample, compared with the literature data (16) (17) (18) , because of a well known fact that children with respiratory infections are the greatest consumers of antimicrobials. Second, the actual morbidity was not investigated, but only diagnoses recorded on prescription forms. It is possible, therefore, to come to a false conclusion that every visit to a physician, with, for example, respiratory infection symptoms, resulted in antibiotic prescription, which in reality is not the case.
The results of investigation point to two important conclusions: a) antimicrobial utilization on a regional level (as in this investigation), corresponds fairly well with the ESAC figures, on a state level or higher, and b) antimicrobial utilization data from a regional level are reliable tool for an approximation of consumption on a state level or higher, if the Anatomic Therapeutic Classification methodology is correctly implemented.
A practical approach to inappropriate prescribing in primary care setting would be, therefore, to follow results and conclusions from the two models: 1) antimicrobial guidelines based on academic consensus ("theoretical reference model") and 2) antimicrobial consumption based on lower utilization level, attained in some European countries (Scandinavian countries, the UK, the Netherlands), as a "practical reference model. "
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